Some of the techniques that may be used to study social, reproductive, and ingestive behavior in horses are descxibed in this paper. One of the aspects of equine social behavior is the dominance hierarchy or patterns of agonistic behavior. Paired or group feeding from a single food source may be used to determine dominance hierarchies quickly. Focal animal studies of undisturbed groups of horses may also be used; this method takes longer, but may reveal affiliative as well as agonistic relationships among the horses. Reproductive behavior includes flehmen, the functional significance of which can be determined using combinations of field observations of harem groups and laboratory studies of stallions exposed to female urine or feces in the absence of the donor mare. Ingestive behavior may include food, salt, or water intake. Direct and indirect measurements of intake can be made and used to answer questions regarding the ability of horses to control their energy intake when the diet is diluted, the effect of feral equids on the ecology of an area, and the abilities of horses to compensate for dehydration and hypovolemia.
Introduction
The purpose of this paper is to review methods of studying equine social, repoductive, and ingestive behavior. Most of the methods are those used in Cornell University's equine behavioral research, but those of other groups are also mentioned. The advantages and disadvantages of each method are discussed.
Social Behavior
Whenever two or more horses are gathered together a dominance hierarchy is formed. A dominance hierarchy is a ranking of individuals in which the top, or alpha, individual has priority of access to scarce resources and can aggress against other horses with impunity. In 3Dept. of physiol.
contrast, the lowest ranking, or omega, horse can aggress against no other horse and is last to gain access to resources. One can study dominance hierarchies of horses either by observation of undisturbed animals or by staged competitions. The former method (Berger, 1977) is the only one that can be used to study feral and freeranging horses or the true wild horses (Equus przewalski) (Hogan et al., 1988) , which are found only in m s . There are several methods of observation. In the ad libitum, or all occurrences, method (CluttonBrock et al., 1976) the observer m r d s all aggressions that he or she sees and notes the participants. A better method is the focal animal sampling method, in which one horse is observed for a set period of time. Although this method will result in fewer aggressions per hour being observed, it is more likely to give unbiased data because the observer will not be watching the horse that is expected to be aggressive. Altmann (1974) has described the advantages and disadvantages of these and other sampling methods. A method that is not suitable is the instantaneous sample taken every few minutes. It is unlikely that many of 4161 the aggressions, which are very short in duration, will be in progress at the sampling time.
There are several methods of staging competitions among horses. The most commonly used is pairwise comparison in which two horses are presented with one bucket of food (Houpt et al., 1978;  Houpt and Keiper, 1982) . As simple as that seems, there are several details that must be considered. The horses should have been deprived of food for the same length of time. Each horse should be allowed to sample the feed so that it knows where the feed is. Two people usually are necessary to release the horses equidistant from the feed. The bucket must be fairly small because the horses may share it if both can get their muzzles into the food. The bucket must not tip because the food will be spilled and both horses will be able to eat. Finally, and most important, the bucket must be placed in an area from which a horse can easily escape to prevent the aggressor from seriously injuring the recipient, One of the most convenient methods is to tie a bucket to a fence in the middle of one side of the enclosute. The observer records the number and type of aggressions displayed by each horse and the time each horse has control of the feed, either with its head in the bucket prehending or with its head over the bucket chewing. It is desirable to have two people as observers; one watches the horses and a stopwatch while the other records. The advantage of the staged competition is that the relation between each pair of horses can be determined, It may not reflect the normal social situation in which preferred associates may drive other horses away, even though one member of the pair would not be dominant to those horses. Ellard and Crowell-Davis (1989) have measured dominance relationships of draft mares in a pasture and a pairwise feeding situation; they found that there were few differences.
Another variation is to put the entire group of horses in an enclosure and to remove the first horse that controls the bucket, the alpha horse, and then the next horse, the beta horse, and so on. It is not clear whether the interactions of horses when there is one food source and a decreasing number of horses would be similar to their interactions when all horses are present and pasture or several food sources are available.
Several studies have used correlations to determine causation of rank in the hierarchy.
Age, weight (Houpt and Keiper, 1982) , sex (Berger, 1977;  Wells and Goldschmidt-Rothschild, 1979 ), mother's rank (Houpt and Wolski, 1980) , and the effect of rearing without a mother are variables that have been investigated.
Another measure of social behavior is interanimal distances. This has been used to measure attachment between mares and foals (Crowell-Davis, 1986) and the relation of interanimal distance and social dominance (Clutton-Brock et al., 1976 ).
The scarce resou~ce over which horses most fresuently compete is food. Although dominant horses seem to eat faster because they leave their own feed buckets to displace other horses, a careful comparison of feeding rate and dominance status did not indicate that dominant horses eat faster (Hintz et al., 1990 ).
Because food is scarce, or perceived to be scarce by the horse, most aggression is seen at feeding time. Holmes et al. (1987) devised a method of feeding a dominant and a subordinate horse simultaneously by placing a partition in a feed trough. Although a solid partition allowed the subordinate horse to spend some time eating in the presence of the dominant, a wire barricade caused the subordinate to spend nearly as much time eating as the dominant. The explanation may be that the subordinate wants to keep the dominant in visual contact or that there is social facilitation of feeding. Social facilitation of feeding will be discussed below under Ingestive Behavior.
Reproductive Behavior
There are many aspects of equine sexual behavior that can be studied. In general, male sexual behavior has received more attention in studies of both feral and domestic horses (Feist and McCullough, 1976; Miller, 1981) . Feist and Mccullough (1976) studied several bands of wild horses in the Pryor Mountains of Wyoming and Montana. After a group was located, all occurrences of the behaviors of interest were recorded at l-min intervals. This method allowed large numbers of occurrences of behaviors to be recorded, The total occurrences of a particular behavior could be broken down by categories. For example, flehmen occurred after sniffing a mare's vulva, urine, or feces or after sniffing the ground, a fecal pile, or the stallion's own urine. Urine or the ground (stimulus unknown) were most often associated with flehmen. The sex of the animal exhibiting flehmen could be determined, only stallions and young male foals were observed to exhibit flehmen. The seasonality could also be determined because of the more active nature of male sexual behavior. Asa et al. (1979) studied sexual behavior in mares by placing a stallion with a small band of mares in a paddock for 1 h/d. Because this was the only time the two sexes were in contact, a high rate of sexual activity would be expected to occur. The behaviors recorded were vocalizations, olfactory and tactile investigation, proceptivity, marking, aggression, and copulation. Check sheets were used to record latencies and durations of behaviors to the nearest 10 s. The occurrence of these behaviors was related to the stage of the estrous cycle as determined by rectal palpation. Mares are unusual in that they show receptivity when they are not physiologically in estrus, for example, during seasonal anestrus or when ovariectomized ( h a et al., 1983) . himates are the only other species to show receptivity in the absence of appropriate hormonal stimulation. When sexual behavior was studied in pregnant mares it was found that mares carrying female fetuses show sexual receptivity (Hayes and Ginther, 1989) .
The role of olfaction in male sexual behavior, in particular the functional significance of flehmen, was studied using two techniques (Stahlbaum and Houpt, 1989) : 1) field studies of harem groups of a stallion and several mares, and 2) laboratory studies in which olfactory stimuli were presented to a stallion in the absence of other cues from the opposite sex. In the field, the flehmen rate, the behaviors that immediately precede and follow flehmen, and the response of other horses to flehmen by the stallion can be quant8ied. The flehmen rate of the stallion can also be correlated with the mare's estrous cycle based on day of copulation, rectal palpation, or blood In the laboratory the stallion's reactions to urine from mares, geldings, and stallions and to water as control can be studied. Urine samples can be hand-held by the observer (Marinier et al., 1988) , but that introduces another distraction, the observer, and the possibility of experimenter bias. Putting the stallions in a novel stall for testing is too sampling.
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distracting, so it is better to test stallions in their home stalls. Because the stall environment already contains urine and feces, it is necessary to present the sample in stainless steel bowls that can be left in the stall for 10 min, by which time the stallions cease to respond. There are many questions that can be answered using this simple procedure. Some of these are the following: 1) Can a stallion distinguish estrous from nonestrous urine?; 2) Does he respond more to many small amounts of urine presented sequentially than to one large volume?; and 3) Is mare urine eliminated naturally more or less attractive than urine obtained directly from the bladder (Le., Where is the pheromone produced)?
Collection of the urine to be tested may also present a problem. Three techniques have been used 1) administration of 500 mg of furosemide4 , which will be followed by urination of essentially isotonic urine within 30 min (Stahlbaum and Houpt, 1989) ; 2) taping gauze across the vulva overnight (Marinier et al., 1988) ; and 3) spontaneous and freshly voided urine. Similar results have been obtained using all three sources. Fresh vs frozen samples should also be compared.
Flehmen is believed to function as a mechanical means of drawing material from the nose into the vomeronasal organ. To verify this, urine to which a fluorescent dye was added could be presented to stallions who were to be euthanatized for other reasons. This method has been applied to goats by Ladewig and Hart (1980) .
Ingestive Behavior

Feeding
There are two general methods for measuring intake: l) direct measurements of food and water intake, and 2) indirect measurement by quantifying the time spent eating and drinking, the number of bites or swallows per unit of time, or analysis of plant remnants in feces. The choice of method depends on the question to be answered and sometimes on the horses to be studied. Some examples of circumstances in which indirect measurements must be used are studies of feral animals or grouphoused zoo animals. Some of the feral equids that have been studied are Chincoteague ponies and donkeys on Caribbean Islands. Both populations are not native but are introduced feral animals. In the case of the Chincoteague ponies, the question to be answered was whether ponies were foraging in the campgrounds of Assateague National Park and how much of their total food intake was derived from the campers' supplies and garbage (Keiper, 1985) .
The question to be answered concerning the feral donkeys on St. Johns, U.S. Virgin
Islands, was what effect these nonnative ungulates were having on the ecology of the island. Exclosures were built so that the amount of plant growth in the presence and in the absence of the donkeys could be determined. Because equids are selective grazers and because one cannot approach these freeliving animals very closely, it was necessary to use fecal analysis to determine which species of plants were eaten by the donkeys (Woodward and Ohmart, 1976) . Combining the results of the exclosure experiment, the fecal analysis, and direct observation, one can predict how the plants of the Caribbean Island are being affected by the present population. Applying demographic analyses to foaling rate allows one to predict the population growth and, therefore, the long-term effect on the ecology of the island (Rudman, 1990) . Studies like these require permission from the various authorities in charge of the animals. In the case of St. Johns, both the Virgin Islands National Park Service and the Virgin Islands Division of Fish and Wildlife provided permission and assistance.
F'rzewalski horses in 10 zoos in the United States were studied (Boyd, 1988a,b,c; Boyd et al., 1988) . This work was based on direct observation using a focal animal technique (Altmann, 1974) in which one animal is observed for 15 min. The technique allows a detailed time budget of each animal's behavior to be compiled. The list of all the possible behaviors the horses could perform, the ethogram, was based on that of Crowell-Davis (1986) . A computer program for tabulating the data within or across observation periods and for constructing tables of interactions between horses is a~ailable.~
There are several problems to be considered when using focal animal sampling techniques, in that one has to determine how fiiely ~ 'Pony Peripherals. Ithaca, NY.
behaviors should be divided. For example, when the behavior is self-grooming, should the type of grooming (e.g., chewing the coat, scratching with a hoof, or rubbing on an inanimate object) be recorded? Should the part of the body groomed be recorded? Because most observational methods and the computer programs to tabulate them rely on mutually exclusive behaviors, one must make hierarchical decisions. If the horse is standing and grooming, which behavior should be recorded? Generally, standing is the default behavior to be used when the horse is not engaging in another behavior while standing, such as grazing or grooming. More! important decisions must be made in situations in which the horse is lying and grazing. The method of recording data must also be determined. Most equine behaviors are long enough in duration that they can be recorded easily using paper and pencil and a series of codes for the behavior. During play or fighting, however, behaviors are short in duration and many interactions between horses occur. In this situation tape recording for later transcription would be desirable. Routine tape recording is timeconsuming because of transcription time. A computerized event recorder allows rapid recording, but it is difficult to notice and correct errors.
With information obtained from focal animal samphg, one can compare time spent eating by nonpregnant, pregnant, and lactating mares. One can also compare time spent eating (including grazing, ingesting hay, and eating concentrates) by the horses in different zoo environments.
Indjrect measurements of intake were used to measure hay consumption in stalled horses. It is difficult to measure hay intake accurately by weight because the horses salivate on the hay, which increases its weight, and they pull the hay out of the manger onto the floor of the stall. When the hay is on the floor they trample it and may urinate on it. The time spent eating is another measure of intake. Horses can be observed and the number of minutes spent eating and in other behaviors can be recorded in several conditions. The effect of visual contact between the horses on feeding behavior could be determined by placing a solid partition between the animals .
Another indirect method is to position photoelectric cells and a light receiver, relatively inexpensive and easily available equipment, on either side of the horse's feed and water buckets. Time spent eating and meal patterns can be determined by connecting the output of the receiver to a chart recorder or a computer. Horses eat meals, approximately 10 meals a day. Meals can be defined, not arbitrarily, but by use of log survivorship curves (Fagen and Young, 1978) . Log sur- When intake can be measured directly, some fundamental questions concerning feeding behavior in the horse can be answered. For example, horses may eat to process a certain amount of DM, or they may eat to obtain a certain amount of energy. As grazing animals that eat a greater amount of DM per unit of BW than other ungulates, horses might be expected to eat for bulk or weight. An equine diet cannot be diluted with cellulose because the cellulose could be digested by the cecal and colonic microflora. Wood in the form of sawdust can be used because horses cannot digest lignin. If grain is mixed with sawdust, horses can separate it very well with their prehensile noses, consuming the grain and leaving the sawdust behind. Mixing the grain and sawdust with molasses prevents the horse from sorting and encourages consumption of the sawdust (Laut et al., 1985) .
The effect of meal frequency on behavior and physiological responses of horses can be studied. Feeding rate, heart rate, time budgets, and changes in fluid balance and hormone levels in the blood can be measured (Youket et al., 1985; Clarke et al., 1988; Houpt et al., 1988) .
Drinking
Similar to feeding, drinking behavior can be studied either by measuring water intake directly or by recording when the animal drinks. In some situations one can calibrate drinking by giving a feral horse a known volume of water and recording how long the horse takes to drink it. This is possible in places such as Assateague Island, where the ponies are not afraid of people and are habituated to human odors. It is relatively easy to measure swallows of water, but not of food. The peristaltic wave is much more rapid when the horse swallows water and is visible in the neck. In a laboratory situation, water intake can be measured directly or indirectly. To measure intake indirectly the time spent drinking can be measured using either a video camera and timelapse recorder or by positioning a photoelectric cell across the water bucket from a light source (Sufit et al., 1985) .
Our goal is to understand the physiological mechanisms underlying motivated behavior. Thirst is a particularly satisfactory behavior to study because the stimuli to thirst seem to be fairly simple. Increasing osmolality of the blood or decreasing blood volume are the two main stimuli to thirst that have been identified in horses. To change osmolality one can simply infuse a hypertonic sodium chloride solution intravenously and take a blood sample at the moment the horse begins to drink. The threshold for osmotic thirst is the osmolality at the time drinking begins. The large, accessible veins of the horse make it easy to implant catheters and take samples with little disturbance to the animal. Although reduction in blood volume could be accomplished by bleeding the horse, removing plasma volume is a purer stimulus because loss of oxygencarrying capacity (anemia) is not added to the stress of volume loss. One of the simplest ways to reduce plasma volume only is by diuresis. Administration of a diuretic, such as furosemide, produces a brisk diuresis and loss of blood volume within 30 min. A blood sample can be taken at the time the animal drinks to determine the threshold of hypovolemia necessary to stimulate thirst in horses.
One approach to a beater understanding of the physiological basis of a motivated behavior such as thirst is a comparative one. A comparison of the responses to thirst stimuli of two closely related species that evolved in different environments can help to elucidate when tight regulation of fluid balance is important for the survival and when greater fluctuations can be tolerated. The comparison could be made among horses (Equus caballus), which evolved in savannah or steppe areas, the donkey (Equus asinus), which evolved in deserts (Jones et al., 1989) , and the various species of zebra. Grevy's zebra (Equus grevyiz7 inhabits a more arid habitat than the Plains zebra (Equus burchelli).
HOUPT lmpiicatlons
The methods described have been found practical for answering questions concerning horse behavior and physiology. These methods and other techniques can be used to solve some of the problems of horse management. Some of these problems are anorexia in the performance horse, poor libido in the breeding stallion, and reduction of aggression without reduction of competitiveness in the racing colt. There are also theoretical questions to be answered: 1) the consequences of social dominance in freeranging horses, 2) the mechanism underlying roughage hunger, and 3) the function of urine marking of mare urine by stallions. 
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